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ABSTRACT 
The Illinois Department of Natural Resources currently manages approximately 
4,000 hectares of natural prairie. High human impacts coupled with small patch size result 
in challenging management decisions for prairie conservation. The ideal restored prairie 
would consist of a mosaic of habitats varying in vegetation from forb-grass dominated 
areas to oak savannas, with concurrent stages of vegetative succession occurring across 
the habitats. A study was conducted at the Middle Fork State Fish and Wildlife Area 
located in Vermillion County, IL, to analyze small mammal diversity and community 
composition among three different stages of prairie restoration. 
The three treatment categories were: fallow fields (non-prairie areas typified by 
non-flowering vegetation and cool season grasses); forb fields (1-2 year restored prairies 
dominated by forbs and warm season grasses); and established fields (9 year and older 
restored tallgrass prairies dominated by warm season grasses with some forbs). Data were 
collected during three separate trapping periods in May/June and August 1995, and 
January 1996. Each field was trapped for three consecutive nights during each trap season 
for a total of nine nights per field. 
A total of 312 small mammals of six different species were captured. Small 
mammal species included Peromyscus maniculatus, Peromyscus leucopus, Zapus 
hudsonius, Mus muscu/us, Reithrodontomys megalotis and Microtus ochrogaster. Results 
indicated an association between vegetational diversity and small mammal diversity, with 
forb fields having both highest vegetational diversity and small mammal diversity. 
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Peromyscus maniculatus was found at high densities in the fallow fields, where small 
mammal diversity was lowest. Zapus hudsonius occurred only in forb fields, suggesting a 
strong habitat preference for this successional stage. Microtus ochrogaster had 
significantly higher densities in the forb fields, compared to the fallow and established 
fields, also indicating a strong habitat preference. 
Grassland management techniques, such as mowing and prescribed burning, may 
have either negative or positive short-term impacts on the densities of residential small 
mammal populations depending on the species. Peromyscus /eucopus responded 
negatively to mowing. Population densities of this species were lowest after mowing. 
Mus muscu/us may have benefited temporarily from prescribed fires. Populations of this 
species increased, perhaps due to decreased interspecific competition with P. manicu/atus 
after burning. Managing natural and restored prairies as a mosaic of successional stages 
may be necessary to retain a full complement of native small mammals. 
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INTRODUCTION 
Illinois was a predominantly prairie state prior to settlement by the pioneers in the 
early 1800's. The Illinois Department ofNatural Resources currently manages over 
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4,000 ha of diverse native prairie habitat (Bill McClain, pers. comm.), most of which exist 
due to restoration efforts. The original prairies were a mosaic of habitats, from wet to 
sandy soils, from short, sparse to tall, dense growth and from grass-forb dominated areas 
to oak savanna communities. The prairie fauna consisted of prairie "generalists," adapted 
to a wide range of these habitats, and "specialists," found only in particular communities 
within the continuum. At the present time, about 118 ha of natural prairie remain for each 
million ha of estimated pre-settlement prairie, a loss of over 99% (Illinois Department of 
Conservation, 1976). In 1976, the Illinois Department of Conservation conducted the 
Illinois Natural Areas Inventory, a three year project to find and describe natural areas that 
remained statewide. The inventory determined that only 941 ha of relatively high quality 
and undisturbed natural prairie remained with most of the natural prairie remnants in areas 
that are unsuitable for agricultural use due to soil type or gradient of the land. Many of 
the remnants exist as accidents of land use, for example, along railroad tracks and old 
cemeteries. 
In order to ensure the preservation of our native Illinois prairie, we must not focus 
our conservation efforts on only the prairie vegetation, but also on the resident fauna 
contained therein. According to Ryan (1986), the goal ofnongame grassland 
management is the "conservation of wildlife species native to [all] the prairie habitats of a 
particular region." 
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Small mammal communities are an essential and fundamental component of prairie 
ecosystems. They have important roles in making up much of the prey base for large 
predators, distributing seeds, and mixing and aerating the soils. However, because these 
animals are small and numerous, they can be easily overlooked. Yet current management 
practices, such as prescribed bums and mowing, have the capability of impacting resident 
small mammal densities, species composition, and affecting population shifts. 
Prairie restoration efforts to date have tended to focus on the desired vegetative 
composition and structure. It is well documented that changes in vegetative succession 
will lead to successive changes in small mammal communities (Hansen and Warnock, 
1978; Huntly and Inouye, 1987; Swihart and Slade, 1990; Foster and Gaines, 1991; 
Sietman m Al., 1994). Foster and Gaines (1991) reported that herbivorous mammals 
encounter difficulties in obtaining preferred resources as a result of compositional 
community change. For example, a review of the literature for microtines revealed that 
the average digestibility offorbs is 72%, while for grasses it is only 49% (Cole and Batzli, 
1979). As a restored prairie moves from a forb dominated stage to a grass dominated 
stage, we might expect to see a corresponding drop in the microtine population in 
response to a decrease in preferred food resources. 
Vegetation plays an important role in the diversity, abundance and species 
composition of small mammals. Huntly and Inouye (1987) found that total mammal 
density and species richness were positively correlated with standing crop biomass and 
nitrogen content. Vegetation can restrict movement (Hansen and Warnock, 1978) and 
foraging effectiveness (Kaufinan and Kaufinan, 1990; Clark et al., 1991) of different 
species, resulting in specific habitat use. 
The primary tools (fire, grazing and mowing) used by managers to maintain or 
restore prairies and grasslands also will have short-term effects on small mammals. Many 
studies have been conducted on the effects of management practices on small mammals, 
and their immediate impacts can be positive or negative depending on both the species 
involved and the disturbance potential (e.g. fire vs. mowing) of the management tool 
(Kaufinan m ll., 1983; Kaufinan m al., 1988; Clark et al., 1989). For example, 
Peromyscus manicu/atus (deer mouse) densities tend to respond positively to newly 
burned areas by increasing their population densities, while Reithrodontomys megalotis 
(western harvest mouse) responds negatively by decreasing their population density 
(Kaufinan m 11., 1983; Kaufinan m 11., 1988). 
Despite the number of studies that have looked at habitat preferences and 
vegetative correlates of small mammals, few have actually looked at successional changes 
of habitat and its impact on small mammal communities. To my knowledge, none have 
specifically studied the effects of prairie restoration and succession on small mammal 
communities. Therefore, the purpose of this study was to estimate small mammal 
densities and diversity in three successional stages of restored prairie. 
The null hypothesis of this study is: small mammal diversity and community 
composition is evenly distributed among three different stages of prairie restoration. 
Conversely, the alternative hypothesis states: small mammal diversity and community 
3 
composition differ with respect to distribution among three different stages of prairie 
restoration. 
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Testing the null hypothesis involved three steps: (I) survey seasonal densities and 
species composition of small mammals in restored prairies, (2) relate mammal density and 
composition to vegetative structure and composition, and (3) assess successional shifts of 
small mammal communities in response to prairie restoration. 
s 
METHODS 
Study site 
This study was conducted at the Middle Fork State Fish & Wildlife Area 
(MFSFWA) in Vermillion County, Illinois, located 10 km north of Oakwood. The area 
consists of 1093 ha of land which includes grassland, forest and cropland as well as unique 
features such as native prairies, marshes and natural seeps. The site is named for the 
Middle Fork branch of the Vermillion River, which comprises the eastern boundary of the 
park. The l\1FSFW A was purchased in 1986 and is composed primarily of three 
vegetative communities: flood plain forests, upland forests and upland fields. 
The l\1FSFW A study area provided a unique situation in which native prairie was 
actively being restored and much of the area consisted of fields in various stages of prairie 
restoration. It is the intent of the IL DNR to restore all of these fields to either native 
savanna or upland tallgrass prairie. Management techniques used to produce desired plant 
communities in these nine fields included the use of fire, over-seeding and mowing. Burn 
schedules differed for each field until desired vegetation was established. Then each field 
will be burned on a 3-4 year cycle. 
Three different stages of restoration were selected as treatment categories: fallow 
fields, characterized by non-flowering weedy vegetation and some cool season grasses; 
forb fields, which were 1-2 year old restored prairies dominated by flowering forbs and 
warm season grasses; and established prairies, which were 9+ year old fields consisting 
primarily of warm season grasses with some forbs existing within the matrix. Three fields 
L __ _ 
within each treatment category were selected for a total of nine fields. Fields were 
selected based on accessibility, homogeneity within each treatment and minimal 
disturbance due to recreational use of the area. 
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Of the three fallow fields used in this study, one was burned in the spring of 1994, 
one had been planted in sunflowers in the spring of 1994, and the third was fallow for 
several years and had not been burned. All three forb fields were burned in the spring of 
1995, and two were mowed and over-seeded in late August of the same year. Two of the 
established fields were burned in the spring of 1993, and the third field was burned in the 
spring of 1995. 
Trapping 
Trapping occurred over a nine month period and was conducted in three separate 
sessions: from May 25 to June 4, 1995, August 3-12, 1995, and January 6-15, 1996. A 
trapping grid was established in each field and designed to best fit each field configuration. 
Grids were established at least 7.5 m from the fields' edges to minimize edge effects (Tew, 
1994; Kirkland, 1989). Trap stations were established at 15 m intervals within each grid. 
Each field had no less than 32 trap stations and no more than 46, with an average of 40. 
The total area covered by the stations in each treatment was 2.8 ha in the fallow fields, 2.5 
ha in the forb fields and 2.8 ha in the established fields, an overall total coverage of 8.2 ha. 
Each station consisted of a single small Sherman live trap (160 mm x SO mm x 
65 mm) baited with peanut butter and oats. Traps were placed within small mammal 
runways or along vegetative structures whenever possible. During winter trapping, it was 
necessary to clear snow away for trap placement in order to minimize snow interference 
with trap function. Polyester fiberfill was added to the traps during the winter trapping 
session to provide additional protection from exposure. 
Each field was trapped for three consecutive nights during the three separate 
trapping seasons for a total of3,267 trapnights. A trapnight is defined as the number of 
traps x the number of nights a trap is set out. Traps were checked each morning between 
0600 hours and 1000 hours. Specimens were identified by species and sex, weighed, and 
toe clipped for individual identification before release. 
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Vegetative surveys were also conducted within each treatment during the first 
trapping session. All vegetation within a 1-m2 quadrat centered over each trap along one 
transect line was recorded. The species and estimated areal cover of each plant within the 
1-m2 quadrat were recorded. 
The number of small mammals captured in each treatment and season were 
normalized, and x2 tests were used to test for significant differences (ex.= 0.05) among 
treatments and seasons. A significant x2 value would suggest that a species selected for 
or against a particular habitat with a greater likelihood than would be expected by chance. 
Mean densities for each species in each treatment are reported as the number of 
individuals per hectare, plus or minus one standard error. Vegetational diversity and small 
mammal diversity were calculated using the Shannon-Weiner Diversity Index (H') 
(Shannon, 1948). A non-parametric Spearman rank correlation analysis was used to 
determine whether or not a correlation existed between small mammal diversity and 
vegetative diversity. 
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RESULTS 
Small Mammal Density 
A total of 312 small mammals of six different species were captured over the three 
trapping seasons. There was a 7% mortality rate and a 4% escape rate. "Escaped" 
animals were individuals that escaped before receiving an identification mark and therefore 
were not included in the data analyses. Mean percentages of trapped species over all 
seasons were: 58% Peromyscus manicu/atus (Deer mouse), 13% Peromyscus /eucopus 
(White-footed mouse), 12% Microtus ochrogaster (Prairie vole), 9% Reithrodontomys 
mega/otis (Western harvest mouse), 4% Zapus hudsonius (Meadow jumping mouse), and 
4% Mus muscu/us (Common house mouse). 
The two Peromyscus species were the most numerous species caught (Fig. 1 ). 
Peromyscus manicu/atus had significantly (P = 0.05) higher densities in the fallow fields 
at 34.9±16.8 individuals/ha relative to the two other successional stages. Densities of this 
species were similar in forb and established fields at 20.5±9.8 and 19.6±9.3 individuals/ha, 
respectively. Densities of P. leucopus were fairly consistent across the stages with 
4.9±1.8 individuals/ha in the fallow fields, 5.4±2.9 individuals/ha in the forb fields and 
6.3±1.9 individuals/ha in the established fields. 
Zapus hudsonius was found only in the forb fields at mean densities of 6.4±4.2 
individuals/ha (P < 0.001). Mus musculus was not caught in the fallow treatment, and was 
found at relatively low densities (1.0±1.0 individuals/ha) in the forb prairies. Densities of 
this species were highest ( 4 .1 ±2.1 individuals/ha) in the established prairies, though this 
difference was not significant (P = 0.07). Reithrodontomys megalotis densities were 
1.8±1.7 individuals/ha in the fallow fields, 3.4±1.7 individuals/ha in the forb fields, and 
5.5±4.6 individuals/ha in the established fields. Finally, Microtus ochrogaster had 
significantly higher densities (P < 0.001) of 11.7±8.1 individuals/ha in the forb fields, 
compared to lower densities of 1.8±1.2 individuals/ha in the fallow and 3.3±1.6 
individuals/ha in the established fields. 
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Small mammal densities varied seasonally within each treatment {Table 1 ). In 
fallow fields, P. /eucopus and M ochrogaster remained relatively constant and in low 
densities across all three trap seasons (Fig. 2). While P. maniculatus was found at high 
densities in May/June (55.0±16.8 individuals/ha) and August (44.0±16.8 individuals/ha), it 
was not caught in January (P < 0.001) (Fig. 2). Reithrodontomys megalotis was trapped 
in the fallow fields only in January, and even then was at low densities (5.0±1.7 
individuals/ha) (Fig. 2). 
All six species were found in the forb fields. For simplicity, these are shown in two 
graphs (Figs. 3a and 3b ). Peromyscus manicu/atus was found at significantly higher 
densities (P < 0.001) in May/June (36.0±9.8 individuals/ha) than in January (2.5±9.8 
individuals/ha) (Fig. 3a). Similarly, P. leucopus was significantly more dense in May/June 
{9.9±2.9 individuals/ha), than in August (when no individuals were caught) and January 
(3.7±2.9 individuals/ha) (Fig. 3a). Zapus hudsonius, which is a winter hibernator, was 
not caught in January, but was found at significantly higher densities of 13.6± 4.2 
individuals/ha in May/June than in August (2.5±4.2 individuals/ha) (P = 0.005) (Fig. 3a). 
Mus musculus was caught only in May/June at low densities of 2.5±1.0 
individuals/ha (Fig. 3b ). Reithrodontomys megalotis was caught at low densities of 
1.2±1. 7 individuals/ha in both May/June and August, and at slightly higher densities 
(6.2±1.7 individuals/ha) in January (Fig. 3b). Neither species showed a statistically 
significant variation in density. However, Microtus ochrogaster was significantly 
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(P = 0.01) more abundant in August at densities of26.0±8.1 individuals/ha, than in 
May/June when its density fell to 3. 7±8.1 individuals/ha, and January, when no individuals 
were caught (Fig. 3b ). 
Three of the five species caught showed significant trends in seasonal densities in 
the established prairies (Figure 4). Peromyscus maniculatus was found at significantly (P 
< 0.001) higher densities of30.9±9.3 individuals/ha and 23.7±9.3 individuals/ha during the 
first (May/June) and second (August) trapping seasons respectively, but was not caught in 
January. Mus muscu/us was found to have significantly (P = 0.03) higher densities 
(7.2±2.1 individuals/ha) in May/June than in January when none were caught. 
Reithrodontomys megalotis exhibited low densities in May/June, but densities increased 
significantly (P < 0.001) to 14.4±4.6 individuals/ha by January. BothP. /eucopus and M 
ochrogaster showed relatively constant levels across all three trap seasons in these 
established fields. 
Plant Composition of Fields 
A vegetation survey was conducted during the first trapping season (May/June) to 
determine the plant composition of the three different treatments. Sampling revealed that 
the fallow fields were dominated by cool season grasses (25%) such as smooth brome 
(Bromus inermis) and Kentucky bluegrass (Poa pratensis), goldenrod (Solidago spp.) 
(21%) and tall gayfeather (Liatris spp.) (19%) (Table 2). Forbs, dead vegetation, 
blackberry (Rubus spp ), and moss comprised the remaining vegetation. Only 1 % of the 
plant community was native grasses (mostly big bluestem, Andropogon gerard1). 
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The forb fields were dominated by mixed forbs (74.6 %) and wann season grasses 
(22%) such as big bluestem, little bluestem (Andropogon scoparius) and Indian grass 
(Sorghasturm nutans) (Table 3). The remaining 3.4% consisted primarily of blackberry 
(Rubus spp.), poison ivy (Toxicodendron radicans) and thistle (Cirsium spp). 
The vegetation survey for the established prairies revealed that these fields 
consisted predominantly ofwann season grasses (66%) with some mixed forbs 
interspersed (29.5%) (Table 4). The density of ground level vegetation was highest in the 
established prairies. 
Plant and Small Mammal Diversity 
The Shannon-Weiner Diversity Index (Shannon, 1948) was used to calculate both 
plant diversity and small mammal diversity in each of the three treatments (Figure 5). 
Small mammal diversity was low (H' = 0.301) while plant diversity was relatively high in 
the fallow fields (H' = 0.815). Diversity ofboth small mammals (H' = 0.739) and plants 
(H' = 0.931) were quite high in the forb fields. Diversities decreased with the succession 
from forb prairies to established prairies which had indexes of 0.586 for small mammals 
and 0.393 for vegetation. 
A non-parametric Spearman rank correlation analysis was conducted for the 
vegetative diversity and small mammal diversity using values for each of the prairie sites 
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used in the study. Because the plant diversity in the fallow fields was skewed upwards by 
the presence of many exotic species, these three fields were excluded from the analysis 
between plant and animal diversity. Therefore, only the six prairie fields were used in this 
calculation. Analysis showed that there was a positive correlation (r = 0.663) between 
plant diversity and small mammal diversity in the forb and established prairies, however, it 
was not statistically significant (P = 0.06) (Fig. 6). 
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DISCUSSION 
Small mammal communities differ with respect to composition and densities within 
three seral stages of prairie restoration. Three species, P. manicu/atus, Z. hudsonius and 
M ochrogaster, exhibit definite habitat preferences. Our results suggest that P. 
manicu/atus densities are higher in fallow fields as opposed to forb and established fields. 
Many researchers concur that low density vegetation coupled with open ground area (an 
apt description of the fallow treatment for this study) are highly preferred habitat by P. 
manicu/atus (Hansen and Warnock, 1978; Kaufinan m Bl., 1983; Kaufinan m .Bl., 1988; 
Clark m 11., 1989). The dense vegetation and increased litter, characteristic of areas 
avoided by P. manicu/atus, may impede movement and decrease foraging efficiency 
(Clark m 11., 1991). 
While Z. hudsonius was not captured in high numbers at any location, it was found 
only within the forb prairies. This suggests a very strong habitat preference by this species 
for this successional stage and is in agreement with other research findings (Dueser and 
Porter, 1986). Microtus ochrogaster densities were significantly higher within the forb 
fields. Studies have consistently shown that Microtus densities are linked to both high 
vegetative cover and nutritional resources, such as nitrogen content and digestible energy 
content (Eadie, 1953; Cole and Batzli, 1979; Huntly and Inouye, 1987). 
The density and diversity of small mammals has been shown to vary seasonally in 
several vegetation types (Heske ~ 11 .• 1984; Johnson and Gaines, 1988; Swihart and 
Slade, 1990). On the MFSFW A sites, P. maniculatus was the highest density species 
during the first and second trapping seasons in all three stages. Densities were highest 
during May/June, decreased slightly by August and were significantly lower during 
January. It is possible that the first trap season coincided with a peak in the breeding 
season for this species. January trapping occurred soon after a snowfall of 
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20-30 cm and daily temperatures were below 0° C. The combined effects of snow and 
cold may have discouraged or hampered the movement of P. manicu/atus, contributing to 
the low densities measured by trapping. 
Microtus ochrogaster was also present in all three stages of restoration and, with 
the exception of the forb fields, was at relatively stable densities across all three trap 
seasons. Within the forb areas, M ochrogaster increased significantly in density from 
May/June to August, with a sharp decrease by January. Microtus ochrogaster densities 
increased slightly from the first to the second trap season in both fallow and established 
fields. Although these increases were not significant, increased densities in August may 
have been due to reproduction. 
Reithrodontomys megalotis was also present in all three restored prairie stages. 
Densities within all three stages were consistently lower in May/June and higher in 
January, significantly so within the established prairies. In fact, 92% of R. megalotis were 
caught during the January season. Other researchers have reported that peak densities for 
R. megalotis occur during winter and are lowest during the summer (Johnson and Gaines, 
1988; Foster and Gaines, 1991). It is also possible that R. megalotis may be under-
represented during the first two trap seasons due to negative interactions with voles. Data 
from other studies suggest a competitive interaction between the two species when 
Microtus densities increase (Heske ~.Bl., 1984; Johnson and Gaines, 1988; Foster and 
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Gaines, 1991). In fact, R. megalotis have been known to avoid traps whose former 
occupants were voles (Foster and Gaines, 1991). It is possible that R. megalotis densities 
in May/June and August may have been restricted by M ochrogaster densities, or 
perceived to be low due to trap avoidance of traps carrying a Microtus scent. The 
apparent increase in densities in January may be linked to a sharp decrease in densities of 
Microtus. Also, smaller rodents such as R. megalotis may have a higher physiological 
need to gather food despite the cold weather due to higher metabolic rates (Clark m al., 
1991). 
A positive correlation was suggested by the data between vegetative diversity and 
small mammal diversity in prairies in this study. Huntly and Inouye (1987) reported a 
similar correlation in an old-field chronosequence. Vegetative diversity in the fallow 
fields was exceedingly high in comparison to the small mammal diversity. Management of 
these fallow areas was typically laissez-faire, while forb and established areas were 
actively managed for desired native prairie vegetation. Based on my plant surveys, it 
appears that the high vegetative diversity in the fallow fields was due to the presence of 
both native and exotic vegetation. There was an increase in both vegetative and small 
mammal diversity as plant communities progress from fallow to forb, and a reduction in 
diversity of both vegetation and small mammals as succession continued from forb to 
established prairies. A fairly strong correlation occurred between vegetational diversity 
and small mammal diversity in both the forb and established prairies. Increased 
vegetational diversity may offer an increase in available resources and therefore attract a 
greater diversity of small mammal species. 
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The management techniques employed by biologists to restore and maintain a 
desired prairie type can have short-term impacts on resident small mammals. The primary 
tools used by the MFSFW A management on the various stages of restored prairie were 
mowing and over-seeding, and prescribed fire. It is possible that these techniques 
impacted the densities of at least two species, P. leucopus and M. musculus. 
Peromyscus /eucopus was found in relatively low densities in all three stages. 
Typically found in wooded or shrubby areas, this species is also know to establish 
residency in grassland areas (Clark~ fil., 1987). Population densities of P. /eucopus were 
fairly consistent in both fallow and established fields, but differed significantly in the forb 
fields, where densities were relatively high in May/June and crashed to zero in August. All 
three forb prairies were mowed to a height of25 cm and over-seeded with a mixed-forb 
mixture shortly after the first trap season. This event was then followed by an unusually 
long period of reduced precipitation, resulting in vegetation that was actually lower in 
height in August than in May/June. It is possible that this had a negative impact on the P. 
leucopus densities, causing their decline in forb fields. Thus, in response to the loss of 
vertical structure, P. leucopus may have migrated into the surrounding habitat consisting 
of shrubs and woods. 
Fire is a management tool that is used to stimulate herbaceous vegetation by 
releasing nutrients back into the soil while reducing the growth of woody vegetation and 
exotic plants. The effects of fire on resident small mammals can be positive or negative, 
depending on the species. Mus musculus densities were highest within the established 
prairie field which was burned in the spring before the study began. This burned field was 
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the only one of the established fields in which M musculus could be found. Research has 
shown that the distribution of M muscu/us is influenced more by competition than habitat 
structure (Dueser and Porter, 1986). If the fire served to reduce the immediate population 
of P. manicu/atus (the highest density rodent), it may have allowed M musculus to 
establish temporary dominance. By the first trapping period in May/June, the Mus 
population may have been decreasing already, as the P. maniculatus population was 
becoming re-established. 
A limitation of this study was that it was conducted during a 9-month period, and 
short-term studies may not reflect correctly community structure or population dynamics 
(Swihart and Slade, 1990). Clearly there are many unanswered questions regarding the 
dynamics of prairie rodent communities. However, this study provides several 
management implications for future studies and grassland restoration efforts. First, this 
study, as well as others, showed strong seasonal trends in the presence/absence of species 
and in species density. Small mammal surveys should therefore be conducted across the 
seasons to incorporate these seasonal variations. Second, knowledge of species habitat 
preferences is valuable and should be carefully considered when initiating management 
programs in grasslands. Zapus hudsonius, for example, could be found only within the 
early successional prairies. Forb prairies and similar vegetative communities should be 
maintained to provide continued habitat for Zapus existence. This may require periodic 
light disking of prairie patches to maintain appropriate habitat. Further, it appears that 
maximum diversity of both plants and animals is attained in the early stages (1-2 years) of 
prairie succession. When management goals call for high alpha-diversity for prairie 
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communities, these early successional seres should be a vital component. It is also clear 
that if restored prairies are allowed to succeed to vast tracts dominated by dense stands of 
prairie grasses, certain mammal species (e.g. Z. hudsonius and P. manicu/atus) may not be 
able to compete, resulting in a decreased beta- and gamma-diversity as well. Finally, 
because small mammals are an important prey base for many predators, and fallow fields 
and forb prairies had the highest small mammal densities, managers working to maximize 
total rodent biomass for predators may wish to incorporate both fallow and forb fields in 
their management plans to establish areas of increased rodent density. 
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Table 1. Mean seasonal densities (individuals/ha) of six species of small mammals in fallow, forb, and established prairies in central 
Illinois. 
Fallow Forb Established 
Species ~ AY& Ian. ~ Aug. Jan. June Aug. Ian. 
P. manicu/atus 55.0 44.0 0.0 36.0 13.6 2.5 30.9 23.7 0.0 
P. leucopus 7.0 6.0 1.0 9.9 0.0 3.7 7.2 2.1 8.2 
Z hudsonius 0.0 0.0 0.0 13.6 2.5 0.0 0.0 0.0 0.0 
M. musculus 0.0 0.0 0.0 2.5 0.0 0.0 7.2 4.1 0.0 
R megalotis 0.0 0.0 5.0 1.2 1.2 6.2 0.0 1.0 14.4 
M. ochrogaster 1.0 4.0 0.0 3.7 26.0 0.0 2.1 6.1 1.0 
Total 63.0 54.0 6.0 66.9 43.3 12.4 47.4 37.0 23.7 
Table 2. Percent areal coverage of vegetative taxa in the three fallow fields on the 
Middle Fork FWA, June, 1995. 
vegetation 
Cool season grasses 
Smooth brome, Bromus inermis 
Kentucky bluegrass, Poa pratensis 
Goldenrod, So/idago spp. 
Tall gayfeather, Liatris pycnostachya 
Dead vegetation 
Miscellaneous forbs 
Moss 
Blackberry, Rubus spp. 
Big bluestem, Andropogon gerardi 
Relative dominance 
25% 
21% 
19% 
17% 
11% 
4% 
2% 
1% 
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Table 3. Percent areal coverage of vegetative taxa in the three forb prairies on the 
Middle Fork FW A, June, 1995. 
Vegetation 
Goldenrod, Solidago spp. 
Warm season grasses 
Big bluestem, Andropogon gerardi 
Little bluestem, Andropogon scoparius 
Indian grass, Sorghastrum nutans 
Red clover, Trifo/ium pratense 
Miscellaneous forbs 
Queen Anne's lace, Daucus carota 
Yellow sweet clover, Me/i/otus offtcina/is 
Blackberry, Rubus spp. 
Dead vegetation 
Yarrow, Achi//ea millefolium 
Purple milkweed, Asc/epias purpurascens 
Stiff coreopsis, Coreopsis palmata 
Common dandelion, Taraxacum offtnale 
Wtld parsnip, Pastinaca sativa 
Field bindweed, Convo/vulus arvensis 
Poison ivy, Toxicodendron radicans 
Thistle, Cirsium spp. 
Relative dominance 
26% 
22% 
12% 
11% 
10% 
10% 
2% 
1% 
1% 
1% 
1% 
1% 
<1% 
<1% 
<1% 
<1% 
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Table 4. Percent areal coverage of vegetative taxa in the three established prairies on the 
MiddleForkFWAinJune, 1995. 
Vegetation 
Warm season grass 
Big bluestem, Andropogon gerardi 
Little bluestem, Andropogon scoparius 
Indian grass, Sorghastrum nutans 
Goldenrod, Solidago spp. 
Moss 
Queen Anne's lace, Daucus carota 
Purple milkweed, Asclepias purpurascens 
Intermediate dogbane, Apocynum medium 
Yellow sweet clover, Melilotus o.fficinalis 
Dead vegetation 
Yarrow, Achillea millefolium 
Relative dominance 
66% 
22% 
4% 
4% 
2% 
1% 
<1% 
<1% 
<1% 
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Figure 1. Species densities of six small mammal species in three successional stages 
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Appendix A 
LITERATURE REVIEW 
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George Batzli (1992) wrote a review on the dynamics of small mammal 
populations which encompassed over 100 pieces of literature. He found that there are 
both intrinsic (behavioral) and extrinsic (environmental) factors to which a population is 
subjected, and these factors contribute to the overall dynamics of the population. 
Essentially, there is more than one force which imposes itself on any given small mammal 
species, and these forces may become more complex and intertwined as small mammals 
come together to form communities. 
Background for this research was primarily acquired by reading numerous journal 
articles on a variety of factors that influence a rodent species use of a particular habitat 
and possible interactions and responses to its environment. The most pertinent 
information reviewed fell into three main categories: vegetational correlations with 
rodents, habitat use by rodent species, and the effects of prescribed fire on rodents. 
Small mammals tend to exhibit habitat preferences which can be linked to 
vegetative structure and/or composition. Since most natural plant communities are 
dynamic, many researchers have studied the effects of vegetational successions on small 
mammals. Huntly and Inouye (1987) compared 18 old fields of various ages. Vegetation 
sampled from each field was categorized by diversity, nitrogen content and abundance. 
Trapping resulted in representatives from six different species, including Peromyscus 
leucopus, Microtus permsylvanicus , Zapus hudsonius, and Mus musculus. The results 
indicated that overall density and diversity of small mammals were significantly associated 
33 
with particular characteristics of the vegetation. In addition, total mammal density and 
species richness were found to be correlated with vegetational standing crop biomass and 
nitrogen content. Their data support the suggestion that successional changes in 
vegetation will produce successional changes in small mammal populations. Moreover, 
the data support the hypothesis that vegetation is important to diversity, abundance, and 
species composition of small mammals. 
Acknowledging the impact ofvegetational communities, Foster and Gaines (1991) 
studied the effects of successional habitats on small mammal communities. Their research 
showed that plant succession affects densities of the resident small mammal populations. 
In their study, Reithrodontomys megalotis, Microtus ochrogaster and Peromyscus 
maniculatus could be found on large, medium and small patches of land separated by 
interstitial areas that were routinely mowed. These habitat patches were dominated by 
annual plant species and the first stage of old-field succession was completed when the 
perennials replaced annuals as the dominant plant species. They found that changes in 
vegetation composition, relative cover and height could serve to reduce preferred habitat, 
thereby increasing densities of resident small mammals, and increasing the frequency of 
negative interactions between species. Both R. mega/otis and M ochrogaster avoided the 
interstitial area, as this area is not preferred habitat by either species due to lack of 
vegetative height and cover. An overall decline in R. megalotis densities may have been 
due to habitat loss as annual plant species succeeded to perennials. As these preferred 
areas for R. megalotis were reduced, M ochrogaster was reaching peak densities. 
Microtus ochrogaster can be aggressive, and increased negative interactions with them by 
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R mega/otis may also have contributed to a decline in density of R mega/otis (Foster and 
Gains, 1991). Peromyscus manicu/atus was found in higher densities on the interstitial 
areas, which offered P. manicu/atus preferred areas of open cover, as the plants 
progressed from annuals to perennials. 
Many researchers have studied habitat use by specific small mammals. Hansen and 
Warnock (1978) studied the influence of plant succession on the distribution of P. 
leucopus and P. manicu/atus on land strip-mined for coal. They determined that tree 
dominance and the amount of shrub material available were important correlates. As the 
abundance of woody cover increased, the incidence of P. /eucopus increased, while the 
opposite was true for P. maniculatus. Hansen and Warnock concluded that the best 
habitat for P. maniculatus lacked grasses and had a low surface cover, with high 
herbaceous aerial cover. Peromyscus /eucopus also prefers open ground and dense aerial 
cover. The authors believed that this preference was due to the fact that both species do 
not use runways and therefore dense surface vegetation (e.g. grasses) may restrict 
movements, thereby decreasing use of such habitat. 
Hansen and Warnock's (1978) results appear to contradict the findings of Clark ,m 
Al. (1987) who demonstrated the presence of P. /eucopus in tallgrass prairie habitats at 
numbers that suggested a residency of the rodent within grasslands. Also captured within 
this habitat were high numbers of P. manicu/atus. Clark described the prairies as 
"dominated by big bluestem, little bluestem, Indian grass ... forbs and shrubs being locally 
common." Since Clark does not describe the vegetational density, aerial or surface, it is 
possible that surface densities of vegetation were low enough to encourage Peromyscus 
35 
residency. M'Closkey and Lajoie (1975) also studied the relationship between population 
density of P. leucopus and structure and plant composition of several habitats. They 
determined that population density was correlated with vegetative structure but not the 
floristic component, reinforcing the notion that P. /eucopus prefers dense aerial coverage 
and low ground cover. 
Eadie (1953) measured the response of Microtus pennsylvanicus to vegetative 
cover. He used bait acceptance as a determinant of Microtus habitat preference, and 
found that areas where bait acceptance was low had significantly lower vegetation 
densities than areas where bait acceptance was high. Therefore, he concluded that there 
was a positive relationship between the foraging habits of Microtus and the amount of 
plant cover. 
Cole and Batzli (1979) studied the effects of nutrition on the population dynamics 
of Microtus ochrogaster. An analysis of stomach contents showed that dicotyledons 
comprised a large portion of the vole diet, particularly legumes containing a high amount 
of digestible energy and other essential elements (e.g. crude protein, phosphorous, calcium 
and sodium). Voles with access to better nutrition grew more rapidly, bred earlier and 
produced more young than those who did not. Huntly and Inouye (1987) also found that 
M ochrogaster density was strongly associated with vegetation high in nitrogen content, 
such as legumes. These studies suggest that both vegetational structure and nutrition play 
important roles in Microtus distribution. 
Johnson and Gaines (1988) conducted a very thorough study on the demographics 
of Reithrodontomys megalotis in eastern Kansas. They discerned that R. megalotis has an 
annual cycle with peak densities occurring during the winter and lowest densities during 
the summer. The also found that the drop in spring densities coincided with the 
appearance of new vegetative growth and the initiation of reproduction. 
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Dueser and Porter (1986) studied habitat use by insular small mammals. One of 
the main aspects of their study was the relative effect of habitat structure on habitat use by 
rodents. Their results showed habitat segregation between species, with centers of species 
abundance associated with different vegetative habitats. For example, Mus muscu/us was 
most abundant in sparsely vegetated grasslands or grassland/shrub areas while Zapus 
hudsonius was found in areas with average shrub cover or high herbaceous cover. 
Current management practices used in grassland conservation programs can also 
cause short-term changes in resident small mammal densities and community structure. 
Mowing, grazing, herbicides and fire are all common management tools used to create and 
maintain desired grassland habitat, with fire the most common of these. 
In Ryan's (1986) discussion ofnongame management in grasslands, he noted the 
effectiveness of fire in eastern tallgrass prairies for limiting shrub and tree development, 
removing litter, increasing grass and forb productivity, and controlling of exotic plant 
species, such as cool season grasses. Ryan states that the effects of fire on resident 
wildlife differ with respect to species, and that most research has reported a short-term 
reduction in total small mammal density, often including a decline in species richness. 
Short-term population changes caused by fires can be either positive or negative 
for different mammal species. Clark et al. (1989) conducted their study on small mammals 
in tallgrass prairies and their abundance with respect to burned areas. Burning in the 
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tallgrass prairies changes the vegetative vertical structure as well as litter accumulation 
which may play a role in influencing habitat use by rodents. The authors found that P. 
manicu/atus were more abundant in newly burned areas, presumably due to a reduction in 
vegetational litter and a decrease in surface cover. Conversely, M ochrogaster responded 
negatively to fire and was found in higher densities in the unburned habitats, reinforcing 
the notion that this species prefers dense vegetation habitat. 
Kaufinan m .ll. (1983, 1988) conducted two studies that focused primarily on the 
influence of fire on two species associated with tallgrass prairies, P. manicu/atus and R. 
megalotis. Both studies found that P. maniculatus responded positively to recently 
burned sites. As underground dwellers, they tend to suffer no direct effect from the fire 
which then exposes soils through litter reduction, resulting in an increase of food 
availability, mainly seeds. On the other hand, R. megalotis is a ground nester and 
therefore can incur high mortalities from fire. Also, loss of vegetation and vertical habitat 
can prevent immediate re-establishment of nesting areas in recently burned areas. The 
authors report that R. megalotis tends to exist in higher densities in areas that have not 
been burned for 2-4 years and litter has begun to accumulate again. 
It is readily recognized that small mammals exhibit habitat preference for foraging, 
nutrition, nesting and cover. Consequently, changes in habitat, whether they are natural 
(ie. plant succession) or due to conservation efforts (ie. prescribed fire or mowing), have 
the potential to modify the existing composition of resident small mammals. Tallgrass 
prairies, in particular, will undergo vegetative succession and are often subjected to 
intensive management practices, such as prescribed fire. Just as the floral succession in a 
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restored prairie is being studied intensively, it is equally important to study the succession 
that occurs within the fauna! community. 
